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Lightly doped silicon carbide substrate and use thereof In high power 
devices- 

Field of the Invention 

rrn5^ invcritiorr Ftnocv9 w 

- a lightly doperL rv-typ£Lor p- type, silicon carbide. wafer having. asufRcIaqtly 

5 low concentration of deep levels originating from either Impurities, intrinsic 

defects of structural- defects to enable free cKrie^Uyected. into such ^afer 
to recombine with a lifetime of interest for bipolar power devices, 

- the use. of a lightly doped a- oc prtypesffirm carbide wafer as base region 
of a high power device structure such as an IGBT with a voltage blocking 

1* capability of 15 kV or tqore. 

Background and prior art 

Currently, the ivghesL hreakdawa voltages, achiev ed, by silicon power devices 
range from 4*5 to 6.5 kV for IGBTS and GTOs, and 9 to 12 kV for thyristors. 

t& The ability o£ these switching- devices to handle higher voltages- is- today limited 
by technological factors, such as requirements of serial operations, and by the 
physical pa^>erties.af the, silicon semiconcti irtnr~ IL is. considered thaL higher 
voltage (>10 kV) electrical transmission systems would benefit from the higher 
critical, electrical field of the wider band»gap stif f en c arb i de semteonductrf. In 

20 addition, for an equivalent voltage rating, silicon carbide devices offer the 

advantages, ot tower on slate-resistances* antUower switching, tosses than their 
silicon counterparts. 

A* example structure accocdiogtathe ppop art, c omp r i s in g a41ghtlydopyl 
voltage blocking layer 3 deposited on a StC substrate l is illustrated in Rg. 1. 
At present* all mrti voltage g hpp n r » ;n Q ? <r layers are ^nftaxiaHv grown on 
highly doped off-oriented SIC substrates 1. The established method tor growing 
such- layers^ is-the C\OX technique carried out at tempegatures aro und 1 6f\0 °C 
The advantage of the CVD technique lies In its ability to meet the low n- or p- 
type doping, (typically 10 1S cm" 3 range and lower>and the Wgk carrier lifetime 
(several hundreds of nanoseconds) requirements needed for SiC bipolar 
devtees. The^to-dteadvantag* 

and thus high cost tor layers thicker than 100 pm. For example, at a growth 
rata, ranging betwe^ 

blocking layer at No ~3xl0 14 cm' 3 , the existing CVD processes require growth 
times as* long as 25 to- 5ft hours.- 
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•■— - rrr v.--L^ y tho hiriK gostaf onitavtaiiviw^ device structures has 
been tedded by using, instead of a thick low doped epllayer 9rown on a 
conductive substrate, *k^A>pe4sUkon.subst»te as.drtfczonev.Tb* starting 
substrates for state-of-the-art high power silicon devices are 4 to 6 inch • 
s diameter oeutroa transmuted. waffirs,m3nMf^friir^ from floai.-:mofi. gray n SI 
crystals. For example, the drift region of a 5 kV switching device uses an 
approximately. 500- ^o* thick. sil»CGrv,waf*r with a-dopto*of 2x10$ cm; . 
This technology presently limits silicon power devices to voltage handling 
capabilities, to the_in kV range. A. 25 W silicon device, would, require toe. use of 
10 a wafer 2 mm thick as drift zone with a doping of I0 a cm" 3 or less and a carrier 
lifetime of 40tt t i? ft ■iiiiron yft^'H'*- <™*rhuu> ,Wk»..wnnlrl hs^ an. otdec of 
magnitude thinner drift zone, one to two orders of magnitude higher doping and 
lower carrier lifetime to achieve the^arnB.blcckang.vc4tag% .whitejafferiag the 
advantages of a lower on state resistance and lower switching losses. 



TOs.approaeh.can> however- not be used-wfth-the-present stete-oMbe-art-sllicon 
carbide substrates due to the lack of lightly doped, microsecond range lifetime, 
SIC substrates. SIC substrates are presently available in- the lowot range 
resistivity (n-type, ca. 0.O1S ocm and p-type ca. 2.5 ocm) and in semi- 
20 insulating form (r. > 10 6 Cicm). For the low resistivity wafers, the shallow 

dopants- concent rattoRs- tefrr nitr og en o r aluminium* are typically in the ip l 
cm" 3 range or higher, whereas semi-insulating wafers contain a higher density 
of deep-levels (intrinsic of extrinsic) than shallow levels(e.g. nitrogen). Nefther 
a low resistivity substrate, which has no reverse voltage supporting capability, 
2& nor a semi-insulating substrate, where the free carriers lifetime is- less than a 
few nanoseconds, can thus be used as a drift zone for power devices. 

Vertical Sic semiconductor power devices fabricated on "low resistivity" p-type 
substrates exist up- to now only in theory since- a-suiteble base material^ith 

30 sufficient conductivity is not available (approx. 8ncm vs. 0,02ncm for n-type 
material). The reason-rer this lack- can-be attributed-to-the- current technology 
of the most common crystal growth process. The incorporation of aluminum is 
hard- te-con%rel- in- sublimation g rewt h- furn aces especially in the ease ot high 
doping concentrations. Additionally the ionization energy of all known acceptors 

36 \a smcon-carblde is^comparably high . TtwSr it Is-notposslble to- fabricate an^ 

attractive IGBT like structure using a p-type substrate and an n-type drift zone. 
Additionally, ateo assuming, the ava il a b il i ty of-a-suited-base materialythere are 
only restricted possibilities to adjust device parameters by lifetime modulation 
near the back w a rd emitt e r of a-deduced I€8T structure (Flsj. l). 

40. 
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Up-to kAowr the reafeed-lBGT struct**«s©c*.SiC sutfet Uom u ns a tisf a ct o ry ^ 
technical parameters. In all cases, the base material was p-type with a very low 
amductLvity«.The.successfuL realization, of a classical IfiKT structure »Q»g a 
MOS Gate seems not to be possible/ since In this case the oxide stress is very 
h ig h and the reliabiiitywiU.be strongly, degraded (except using adequate 
shielding precautions). * 



Purpose and summary of the. invention 
Material purpose and summary 1 

1a The- object of. this- invention, is-ta provide a- method-to. fabricate SC substrates 
from lightly doped n- or p-type crystals having a quality such that these 
substeates {Rg ?) can be used ae .^ re* i*y*>r r$ hi gh vo l tage pawecde^ces. 
This method can provide a lower cost solution than the conventional CVD 
gcowtft-ot a. thick (>10fr m& lightly doped layer w-a-lo w resistivfty SiC^ 

15 substrate. The invention also enables a new efficient design of SIC switching 
devices such a& BBJSTs*. 

Device purpose and summary 

The^mest important advanta ge of the invention ic tho possibility, tofebricate a 
20 semiconductor structure without a substrate, which in the case of a vertical 

power deyica.M42resents. Qnly an unnecessary additional resistance^ Thejy hole 
wafer consists now of a low doped n-drlft zone (Fig. 2) able to block very high 
voltages- (large* than-15k\Q. 

25 Brief description of the drawings 

Figure, l. Ulustcat£& a^pnor-art cn^-saUonaL^d^Qf a.dassicaLlfiETSlC 
structure where the thick, lightly doped drift layer having a substantial carrier 
Metfme* te-epHaxially grow* on- *higft& doped p-type SiC substrate. 
30 } 

figure. 2L i& acrossrsectional \dejat of a new high voltagalGSt with selectiv ely 
implanted emitter and junction termination extension at the backside where a 
n~ SIC subst rate inste a d constitutes- the drift regioivhaving.»'SBb6teo«ai-ca^er 
lifetime. 1 

35 

WQw^^l^a-SI^prorrfe-^the nitrogen- c oncentr a tion c* -a* Hghsly- dopecHm 
SiC wafer, showing that the nitrogen concentration Is below the detection limit 
of* the meesui en|ent« 

4Q ROure4.Topi Clirrenlr voltage m^cyrtanont ft <?rH*ttly diodfi OMt^Ct OH 

an Intentionally lightly doped 4H SIC substrate showing n-typfr conductivity. 
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Bottom: The net carrier concentration measured oy capacitance- voitage yieias a 
mean - value of 4*sa 14 ^nrf 3 . 

Figure 5- DLTS s ttfilB 1 measured on » lig htly n-type doped 4K SIC wafer before 
and after annealing fn hydrogen ambient. 

Figure* & DLTS spectra- measured- oiv a* Hghtty. doped-4H SIC wafer growfrupder 
modified conditions as described in the Invention showing a decrease of the of 
the Zt/& center concentration, after annealing in. a hydrogen- ambient 

Figure 7 Time- resolved p h o Wumin escence afc-poom temperature decay- curves 
measured on the wafer of figure 6 before annealing, after annealing fn argon 
and after a nn e alin g in hydrogen-ambiea&- 

Figure 8 is a cross-sectional view of a new high voltage IGBT with implanted 
emitter and field, stop, layer where an^n=-StC-substrate cons&tutes~th*.drift 
region having a substantial carrier lifetime. 



Figure 9- is-a* cross-sectional view o* a* new. high- voltage IGOT wittv implanted 
20 emitter, junction termination extension and anodic short circuit where a n- SIC 
substrate- constltutes-the drift r eg i o n having a- substa nti al carrier lifetime, 
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Detailed description of the invention 

MatetfaJ- description 

Inonder toenstete a* suitable o p er a t io n , in a bipolar device, tbe*d«& zone mjion 
must meet several requirements. The first one is a low doping, typically a net 
s- carrier concentration In the lO 13 te-ia 14 cm" 5 range, aod-a- sufficient thickness of 
the order 100*300 ^m, in order to sustain high voltages. 

A second* re quir e m e n t te*a> s uffici e nt lifetime of the* earners- injected-lnto the 
drift region under forward bias so that the resulting conduction modulation 

%CL. aitoailfi a Klflh tstucwooii dAOfittu- nr w^ attMMuag ai toaipiB within thAifamaH 

vmr" UIIU** V Vlf^f I r WCT rill lw WHOn^t VFIU inVJWHv^ 1 wr UUlVVr ICfCW fWintTH "wTIV 

gap, acting as recombination centals, will adversely affect the carrier's lifetime. 
The- concentration of efficient re combin a ti on centers, suctv ag d eep i e v ete^hlch 
can exchange carriers with both the conduction and the valence band, must 
therefore be kept as- Jot* as requ i r ed bfr thedestoed device performance* Seyeral 
1$ defects are known to give rise to deep levels In SiC, such as transition metals 
w* i ntrins i c defects. Certain- s tructur al detects such* as- stacking fauto-and low 
angle boundaries must also be avoided as they have been identified as lifetime 
Waters. 

2a The wafeis-maiiu&KtoFed** Fom-sOicon carbidecFystal&gro^m the 

conventional sublimation, or physical vapour transport (PVT) method a)e at 
prp^nt not pur aenouah for beina useftii as. drift region la a power device, f ven 
in the highest purity wafers sliced from PVT grown crystals, the nitrogen 
concentration remates-ef the o rder of 5xl*> lfi cm: 3 . Furthermore*, it has~ne*er 

25 been possible, to the best knowledge of the inventors, to detect any free carrier 
lifetime, ia such sudstcates. 

One-object of tbe-preseat i nventio n is topppvMe-a-method- to grawing* lower 
doped silicon carbide crystals from which wafers of higher purity and long free 
30* carrier lifetime can* be manufactu r ed * 

As described in US patents 5,704 r 985 - 6,030,6612 'and 6,039,812 which 
teachings a ro hereby. Incorporated- by. reference a-ppefewed method tegjpmving 
higher purity SiC crystals is the so-called High Temperature Chemical Vapoir 

35- Deposition (HTCVD}. method. In- this vap o u r phase- technique; the* silicon and 
carbon containing source material is supplied by purified gases, as in 
co nv e ntion a l CVO methods. For exa mp l e sil a no tSM»> is- used a&.a-silicon^ 
precursor whereas a hydrocarbon such as methane (CH«) or ethylene (C2H4) is 
used 9S-9 carbon precursor* The^gmwth-of a* SiC crystal or beuie> from- which 

40 wafers of a desired diameter and thickness can subsequently be sliced and 

polished, is. achieve* by expestoo, for a- desire* length- of time, *SiC good wafer 
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tts^ to-a-temper*™**^ ™°= SM^SSRhmM-m* soure*gaS£A 
carrier gas, such as helium, argon or hydrogen, is used to aid the transport' of 
the- precursors. 

5 Soroe of the advantages-of the-HPFCWt»cluilque taventtop^are 
the use of ultra high purity gases as source material, the ability to optimise the 
carbon, tasiiicoa catiaaf tfae.flases.mbttuce.anrt thP ability ta continuously: feed 
a desired amount of doping source gas. For example, the SiC crystal can foe 
made slightly n-type- by iolredecing a- smal l amount 6* nitrogen-gas into-the 

10 source gases mixture. The flow rate of the nitrogen Bfficursfir can be regulated 
hy th* means of mass.flnw rnnrmllprs, using for example, a dilution, 
configuration. The technique uses growth temperatures above 1900 °C which 
enables to grow 

siP^poly*ypee*ystal6.c*batfcso<aWed ©n-and-o%axls 
seeds. An on-axis seed wafer Is here defined as a seed where the surface 
i& ^ fWT^ to the wr» pa*?* mixtures is paraiieLwahin a few tenths, of a.d^»ree 
to a crystaltographlc plane, e.g. the (0001) plane. An off-axis seed wafer has an 
exposed surface intentionally mow thai**- halt degree from- a reference 
crystaltographlc plane. 

As.caroparedte tne-coov enHQnal Off? mp f hw l. w h ic h u s es highly doped. 

20 substrates off-oriented up to 8 degrees to provide a sufficient density of atomic 
steps, tha-tfECVP method allo w s to grew SiC crystate-on- seeds with 
substantially lower step densities, using on-axfs or only slightly mlsoriented (l 
degree or less) seed crystals. Both oifa-avls and inw-Busnrientation. wafers^ can 
be sliced and polished from such crystals. The use of such wafers as voltage 

25- Wocldng4ayeF of *!gl* poww devices. has4he advantaged reducing alecyical 
field anisotropy effects. 

AimoJJbgJx the. invention. is.lUustcated.f0r tha. growth of tfae-4Hcoiytype^or 
crystal lattice variant of the silicon carbide crystal. It is clear that the method 
3©. . can^also. be used-te-gre* lightly doped- crystals, <# ©the* polytypes, such- as for 
example 6H, 15R or 3C. The method is illustrated for crystals grown along, or 
near to, the c-axis oi the crystal lattice- It. mnv also he appfledJar crystals 
grown along other directions, as for example the a-axls directions such as 
£H2fr-}or E*^>or any-direetioFvln-betwo on tho c- and-a-axis-of the-SiC crystal 
35 lattice. 

Al tho ug h a pr*»fa"-»d method te Hnem-hori to lUusiratfctbe.feasihiltty. qf the 
invention, persons skilled In the field may modify the invention while kill 
realising-the same type of-results^In-particula*: the experimental values-o^ the 
40 carrier lifetime are to be understood as not limited to the examples given 
belojiu.wbJch.can. he *mpMwa<i K y mnrtifyir j the invention. 
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In a first embodiment, the invention concerns a novel method to prepare lightly 
doped SIC wafers-in- which free carriers- injected by* either operating a- device 
manufactured upon these wafers, or by optical excitation, recombine with a 
S- certain, rate. The first embodiment concerns- the growth of a- SIC crystat-wfth a 
determined low n- or p-typa doping followed by a post-growth thermal 
treatment of -either the-crystal Useif or of-tbe wafiers-sliced tamthis-ccys^ai. 

According to the invention, the n- or p-type doping is obtained by an accurate 
t& eontreiof the background d oping co m bi n e d with tee introduction, of a dopant 
gas, such as nitrogen, so that the dopant atoms concentration in the crystal is 
below- 5*!©. 15 cm-' 3 , and-p«feraoly- in-tbe 10. 13 to-10- 14 cm? Fange. Ac shown in 
Figure 3, the nitrogen concentration In a 4H crystal grown according to the 
invention- is- belo w th e detection. MmK of- analytical measurement such- a»S IMS. 
15 Wafers prepared from such crystals exhibit n-type conductivity with a ner 
earner concentration- in the- 10* 4 en* 3 range- (Pig* 4}. 

According to the invention, the lightly doped crystal is grown by a pure vapour 
phase method.as.tfae HTCVQ-technique^ at a-growth rate higher than- 100 nm/h. 

20 The invention may however as well be carried out by growing the crystal by a 
method combining, the useof p ure gas precursor s with a- SI and-C containing 
source material in a solid or liquid state, as described for example in US patent 
no* 6,048,398, which teachings a re hereby, incorporated, It has- in- particular 
been found that, in order to obtain n-type SiC wafers where the carrier lifetime 

25- can- optically be meas u red, it to- n e ce ssary t o dc cm ac e the concentraCon^f 
impurities such as transition metals (e.g. V, Ti, etc.), compensating acceptors 
<e,g. Band Alj, Thte-naouires-the selection of- materials preventing- the- release 
of intentional impurities Into the crystal during the growth process and the^use 
of- purific a tion techniques- tor both- the carrier and- the precursors gases-used 

so during the growth process. In particular the carbon precursor is preferably 

chosen-to-be the methane; wfaich-can-be manufactured at higher purity grades 
than other hydrocarbons and can further be purified in-situ by gettering 
devices, A-further finding, of the Invention- is- that the groMh parameters and 
crystal cooling rate shall be adjusted so that the remaining active Intrinsic 

35- defects-acting, as-recoinbioation.centres-can.be annealed out. For example, 
using the teachings of the patent application SE 0103602-9, the growth 
conditions- can-be adjusted- so-that the as-goawn-crystaicootains- silicon- 
vacancies. It was in particular round that the concentration of silicon vacancies 
coulo^i^ decreased Wan-annealing- treatment or- such crystals. Alternatively, 

« the growth conditions may also be chosen so that for example carbon vacancies 
ana present in- the as-grown- crystal. 
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The fo llowing examples* illustrate theconditions-identWed tomeefe tt» |lght 
doping and the lifetime requirements of the invention. 

a. A SIC single crystal of tbe.4H.poLytype.ttaa grown, in ? hto/h ft i mar a wihi an 
average growth rate of 400 ^m/h. a small nitrogen flow was added to th^ 
sHa*e> etoyiaA^ arcL carrier eas-flows- fed- tato*fche feH^e^fw^ide- Ught n- 
type doping. Wafers were sliced and polished from this crystal and analysed 
usiiKLihp CapadtancsrVollafle (.CrVX Pfl *p tfitte L Transient Spectroscopy 
10 (DLTS), Secondary ton Mass Spectroscopy (SIMS) and Time Resolved 

P hoto i wn inesceft€e*(TRPL> techniques, TfreO/ and DLTS measurements wye 
Identified as not being possible to perform on these wafers due to compensation 
of tlie.rUtrogpn <jflaors-by *t i^<p nn* rt^p Irvrt STMS. measurements repealed 
a Ti contamination at a concentration of 3X10 15 cm" 3 , whereas other impurities 
sucfc»as-By AV-and V tad* at least one order o£ m a gnitude lower coftcantea^lon. 
TRPL measurements performed on such wafers, either after polishing or after 
annealing at i600..°CJoc 1-bouc^showed a. decay thaae lass than the detection 
limit of the experimental setup (< 5 ns) r making such wafers not appropriate 
fop the purpose of tb*s4 



tie 

The-i 



wsystanwas»modifled-to>S4W^ into the gcwrlng 

crystal by selecting components preventing release of unwanted impurities, 
sucfc a^transftton. metaisr into the g rowth atmosphere. A. low-dope* *-typp 4H 
25 SiC crystal was grown in conditions comparable to those in the previous : 
example* TteTI-copcewrat^ em* 
DLTS measurements on as-rpoiished wafers from this crystal showed however 
the presence of deep levels located at about Q.66 eV. and about 1,5 eM from the 
conduction band with concentrations of 4,5*10f 5 cm' 3 and SalQ 15 cm' 3 , 
30 respectively (Fig. 5). The carrier lifetime, measured by TRPL on the same 

substrate, was-iess-thatv5-»&. The wafer was subsequently annealed tor labour 
at a temperature of 1600 °C in a hydrogen ambient. The concentration of the 
eteep-levete-ktenttfied^ reduced 
after the annealing (Fig. 5). TftPL measurement also showed that recombination 
35* o£ free carriers with an op tica l life ti me o£ approximately- 2a ns-was observed in 
the hydrogen annealed wafers. This result can be Interpreted as an annearor a 
passivation b*hyd*og^ defects-present in4h* wafer and 

acting as efficient recombination channels. Intrinsic deep levels such as the 
sWco^aH^the^carbeB-v a can cl os i a n d th e si li con an tlgit e? whfch-ea«vaet a& 
40 lifetime killers, have for example been Identified in semi-insulating SIC crystals 
(patent application n* SE Oi03602-9>. 
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Example 3 

5 The findings of the previous examples were taken into account by modifying the 
growth conditions to reduce the concentration of intrinsic defects grown-in in 
the crystal. In this example, the input C/Sl ratio of the ethylene/silane gas 
mixture was increased. Fig. 6 shows that wafers sliced and polished from such a 
crystal have a substantially lower concentration of the deep levels identified by 

10 DLTS at 1,5 eV, but a similar concentration of the Z V2 level. Upon annealing at 
1600 °C in either an hydrogen or an argon ambient, the concentration of both 
deep levels is decreased, as In the previous example (Rg.6). The carrier lifetime 
of the substrate annealed In an hydrogen containing ambient was however 
increased by a factor 3, to ca» 60 ns (Fig, 7). The carrier lifetime of another 

15 substrate cut from the same crystal and annealed in a pure argon ambient 
however remained below the detection limit of the TRPL system. 

It is understood that the teachings of the first embodiment of the Invention can 
be used and improved to further increase the value of the lifetime measured by 

20 the optical decay in TRPL to values up to several microseconds to satisfy the 
current density needs of devices with blocking voltages of 15 kV and above. It 
is also understood that the lifetime values measured optically may differ from 
the ones extracted from a bipolar device. The Invention however teaches a first 
method to increase the lifetime value in lightly doped SIC crystals as claimed 

25 below. 

Device description 

In a second embodiment, the invention proposes a high power bipolar device 
structure using a lightly doped wafer, manufactured according to any of the 
30 embodiments of the invention 

The invention solves the problem of a high resistive substrate by using a drift 
zone, which can simultaneously serve as a substrate. Such a wafer can be 
grown by an on-axis process described In the first embodiment. For a thickness 

35 exceeding approximately iSOum, the material will have a sufficient mechanical 
stability for further processing steps. Now, the emitter can be implemented 
from the backside by ton-implantation into the masked or unmasked backside 
surface (Fig, 8 and 9). This implantation can be optimized in order to obtain an 
emitter efficiency and minority carrier lifetime especially adjusted for the 

40 application demands. Additionally, the Implementation of a planar Junction edge 
termination at the backside of the substrate in order to get a reverse blocking 
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device becomes possibJe using simple process steps (Fig 2). The here presented 
dlsclosureLpcovMea the. opflQttuoity toJ^tjcatttJstaglft.^ aMe to 

block very high blocking voltages, which in silicon can be realized only by using 
serial connection ot switthes*what pequtees ajpowpllcated coatcoi curuH^ 
5 (Example SIC : 250 to 280 pm thick drift zone, N D - N A = 3 x l0 14 cm 20kV 
blocking, voltage). 

The most important ariuantaqp of the hem presented soiutfoo is thp possibHity 
to fabricate a semiconductor structure without a substrate, which in the case of 
10. ^vertical nnw^r device rppr»witc rtniy an "nn^cc^ry additional resistance 
The whole wafer now consists of a low doped n-drift zone, able to block a very 
ttnh vnttanp rtarnpr than 1 skv) RirthPnnAm the *™\*t*r ^ be 

carefully designed via ion-Implantation Into the wafer backside* This cah be 
rarrfprt nnr selectively ™nh nr mittm..* an *<mm™*i «om Py 
15 Impfementing a junction termination extension at the backside emitter, reverse 
blocking ripvirps arp possible. it ftirther artvantagp js4he possibility to-loadiate 
the backward pn-juhction locally in order to adjust the minority carrier lifetime. 
T hp artiii^mpnt nf the ^nirt,i^ a f backside to » HA contaalUnfrC Qlls 

at the front side can be easily performed using large gap objectives for 
t frhnaranhv <rinrp the Sir iy*ft»r itself is irsncpamnr far uisible *h «=i 
adjustment can be performed with respect to alignment marks at the front-side. 
A dditional l y the HTH/n pmrpss pmvirips the pnssfhility toxa rry out a n o p -axis 



2a- 



25 



30 



growth. Therefore, negative influences from anisotropics of the electrical 
breakdown fioirf n , ran ^ wjajtaizeg oc rrrln tlrrt 



Non limiting example. 

R etire shows a rrnss section ot * pncH.iat-aH tcrt ^nrrtiirr i r flp g rr 
lightly doped n- substrate as the active device layer. 



Thejir., snhstratp should hp rt nnpri arrnrriinn to Hi* desired hairing xoltao e of 
the device. The minimum thickness of the layer is given by the ability of the 
te chnol o gy hi handle fhin water* Aiming state-oLihe it processes, th'? f »"«ft 
can be found around 150 pm. However future developments can shift this 

35 t hlrknpss tn Inwpr vahipg. Turn th» drift ^ t+»- p ^ WP » oegiooji * 

implanted, diffused or created by selective epitaxial growth. The depth this 
l ay g r ra n rannp from <mmp nanometers tn several ">irrftm^ a re /f^ pQpffij % 0 on 
the used technology. The doping can vary between l x io l6 cnv* up to values 
jgabec tiian-^Ogf^^TYpgraiiY t» Ues in thp rnngr of mmr 10» 8 rny 3 and iq io cm" 

40 3 . The spacing between the p-wells can range from some |im up to 100 pm/At 
the> s ti rfnrp nf thp a* . substrate and within the ppwell, n - * yp^_^iy^ 
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fauiQcatedL Th^ distance hft ^ Mn the source ™»gi*n and ot *n» p-wf" at 

the surface defines the channel length of the device and can be between 1pm 
a n d u p to lOQfiny typic a lly far power devices are values aro u nd ? to 4|im, ^The 
source region is formed by a region of n-type conductivity with a doping higher 
s fcfaaa-nggtH_fog tho p^n<»girtn A typically above iQffcafc* A t ft "* p^ript rery o f ft 10 
device a JTE (US patent 5,712,502) Is implemented. Above the channelrJgion 
with a certain overlap over the source region and completely overlapping the 
sparing between the p-weli, the gate oxide is located. As the gate oxide; all 

CQmmftn tbin film tanlafrnre like gflfmn rftftvIH^ sfflmo nirrfrfo ftr Qthfig »^ 

10 dielectrics can be used. Typical for power devices are approx. 80nm thick siBcon 
d i o xide l a yer, ther mally grown or rlepnsrfprt As the gate material, a highly ^ 
conductive material like a metal, a metal silicide or polysilicon can be used. This 
gate is elprtriraU y isnlar p rt fnom . thp largp nrpa front s irtp e mitter rnntart . T his 
contact layers are usually formed by thick metals like Aluminum or others. The 

45. l a yers a b ove the p*well (rtvifle , gate plprtmrip) art a s a rnntmt region Af the 
backside of the structure, the collector contact regions can be found. This 
raHwtnr contact ran hp nlarwi nver tho whole opposite active 
region (swells) or can be spaced by small areas with ohmic contacts to the 
lightly doped suhsttafce Tho collector, naginn (h*H/c irt«> emitter) is Tp'reft * 

20 conductivity to the lightly doped substrate. Its doping exceeds the doping of the 
s u hstrnfr T yp i r al values an* hPtwppn IQi^cmi 3 , ancLlfl??cm:?, Ehr-fhe depttj and 
forming of this layers the rules for the p-well apply. The width and spacing will 
he choosing in ranryp fit srnnp tim *> r 'n crrtpr to »h° Mq rfrln g 

case a sufficient shielding effect while maintaining Injection in the Forward 

25... (Ur pftion Eor reverse biockinQ^a-ITE.caiTi^pQmijng to th^ t te *t- th* fmnt ^ 
can be implemented. The layers at the backside can be aligned to the front side 

Stntrtlirre ritt* tO the transparent- SiC SUbSttatB TH? ; * ^p^>f?^ ?^q tajf> 

compared to Silicon solutions. Additionally, the backside structure can be 
farmerl hy splprtlyp rtnning dlrecUgln thp *nrf*r+ due to fact- ***** »yh*i» 
30 wafer acts as- tee active zone of the-device, 
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Claims 

1 A silicon carbide wafer with either an ivtype or a p-type conductivity, 
characterized by a net carrier concentration less than 10* s cm' 3 and a 
carrier lifetime or at least 50 ns at room temperature. 

5 2. A silicon carbide wafer according to claim 1, wherein the dopants are 
either shallow donors, comprising nitrogen, or shallow acceptors, 
comprising aluminium. 

3. A silicon carbide wafer according to daim 1 wherein the surface of the 

10 wafer is either off-oriented towards a Miller Index direction with an off-axis 

angle less than 1 degree or on-axis, that is parallel to a Miliar index plane* 

4. A method to manufacture a silicon carbide wafer according to claim i 
comprising the steps of, growing a silicon carbide crystal and, annealing, 

15 for a desired time, either the crystal or the wafers prepared from the 

crystal at a temperature above 700 °C in an atmosphere containing 
hydrogen or a mixture of hydrogen and an Inert gas. 

5. A silicon carbide wafer according to claim l, wherein the material has a 
20 boron concentration less than SxlO* 4 cm 3 and preferably less than SxlO 13 

cm' 3 , and a concentration of transition metals impurities less than 5xi0 14 
cm 3 and preferably less than 10 13 cm" 3 . 

6. A silicon carbfde wafer according to claim 1, wherein the density of 
25 Intrinsic defects in said wafer is less than the density of dopants. 

7. A method for producing a single crystal of silicon carbide wafers according 
to any of claims 4 to 6, characterized in that the method comprising the 
steps of: 

30 - Introducing a flow of silicon and carbon atoms containing gases into an 

enclosure. 

- Heating the enclosure containing a seed silicon carbide crystal to a 
temperature above 1900 °C, in such a way that the temperature of the 
seed crystal remains lower than the temperature at which it would 
35 decompose under the partial pressures of the Si and C containing 

species Introduced Into the heated enclosure, 
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Maintaining the flows of silicon gas and carbon gas and the 
temperature above 1900 °C for a sufficient time so that a bulk crystal Is 
grown, and 

Introducing into the crystal, during the time of its growth, a flow of a 
dopant to make the crystal either n- or p-type- 



10 



15 



8. A method according to claim 7 wherein the crystal is cooled down from 
the growth temperature to room temperature at a rate sufficiently slow to 
decrease the concentration of Intrinsic levels below the concentration of 
shallow impurities acting as dopants. 

9. A method according to claim 7 wherein the carbon containing gas Is a 
hydrocarbon chosen from the group of methane, ethylene and propane, 

10. A method according to claim 7 where the silicon containing gas is chosen 
from the group of siiane, a chlorosflane compound and a methylsilane 
compound 



11. A method according to claim 7, wherein the as-grown crystal contains 
20 silicon vacancies before being anneaied. 

12, A method according to claim 7 wherein the as-grown crystal contains 
carbon vacancies before being annealed. 

25 13. A semiconductor device comprising: 

a drift zone of a first conductivity type serving as a substrate layer having 
a front side and a back side, 



30 



35 



40 



a first contact electrode arranged at the front side of the drift zone 

a control region arranged at the front side and controlling an injection of 
carriers of at least the first conductivity type into the drift zone 

a second contact electrode at the backside of the drift rone 

whereas the drift zone is arranged to carry a carrier flow between the first 
and the second contact electrode 

characterized in that, 

the drift zone consists of a silicon carbide wafer with a net carrier 
concentration less than 10" cm' 3 and a carrier lifetime of at least 50 ns. 



45 
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14. A device according to claim 13, where the control region is comprising: 

at least two base regions of a second conductivity type with a 
predetermined depth, being arranged at the front side surface within the 
5 drift zone and being separated by a space; 

a source region of the first conductivity type located at the front side 
surface and within the base regions of the second conductivity type ; 

10 a channel region arranged at the front side surface within the base region 

comprising the source region and arranged between the source region and 
an edge of the base region; 



15 



a gate electrode for controlling the channel region; and 

a gate insulation region for electrically separating the gate electrode from 
the channel region. 



15. a device according to daim 14, where the gate Insulation region is located 
20 above the channel region with an overlap over the source region and 

completely overlapping the space between the base regions. 

16. A device according to claim 14, where the first electrode is an emitter 
electrode with a common ohmic contact to the source region and the base 

25 region and being electrically Isolated from the gate electrode, 

17. A device according to claim 13, where the first electrode is a emitter 
electrode extending over the whole front side of the drift zone 

30 18. A device according to daim 13, where the second contact electrode is a 
collector electrode forming a layer arranged on the surface of the back 
side of the drift zone. 

19. A device according to claim 13, where an collector region is located at the 
35 back side surface within the drift zone. 



20. A device according to daim 19, where the collector region is forming an 
ohmic contact with the second electrode. 

40 21. A device according to claim 19, where the collector region is of a second 
conductivity type. 

22. A device according to claim 19, where the collector region Is extending 
over the whole back side of the drift zone and being provided with a field 
4S stop region. 
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23. A device according to claim 19, where the collector region is divided into 
several units spaced by small areas. The second contact electrode is 
forming a common ohmic contact with each collector unit and the drift 
zone or field stop region within the drift zone. 

24. A device according to claim 13, where the back side of the drift zone is 
provided with a junction termination extension for reverse blocking. 

25. A device according to claim 13, where the front side of the drift zone is 
provided with a junction termination extension for forward blocking. 

26. A device according to claim 13, where the front side of the drift zone is 
provided with alignment marks in order to align the structures provided on 
the back side of the drift zone with the structure on the front side 

15 27. A device according to claim 13, where the device is an IGBT. 

28. A device according to daim 13, where the silicon carbide wafer has a 
surface forming the front side or the back side surface of the drift zone 
and being off-oriented towards a Miller index direction with an off-axis 
20 angle (ess than 1 degree. 



A device according to claim 28, where the surface of the silicon carbide 
wafer has an on-axls orientation. 
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The first object of this invention is a method to fabricate SiC substrates from 
lightly doped n~ or p-type crystals having a quality such that these substrates 
can be used as the base layer of high voltage power devices. This method 
enables a tower cost solution than the conventional O/D growth of a thick 

5 lightly doped layer on a low resistivity SIC substrate. 

The second object of the invention Is a hovel semiconductor structure able to 
block very high voltages. Instead of using a highly doped substrate, which in 
the case of a vertical power device represents an unnecessary additional 
resistance, the device of the invention uses a lightly doped substrate as n-drfft 

10 zone. 

(Figure 2) 
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